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a (i> 



* u y (ry — /ur s v) d»&ASjE7Lfittii ; fc£*/t? 
Iflsi] 



J EL 




A'stf 0 ; A r i^th'A r 2 fi, ##fi=M:fc 

^ (I) 



m 



"9 ; rite, 0^^4^t(Dltt*^) ; mte x ^ 5 ^i^j. 

^1000 *-e<?Djfe-efo5 0 ) 

1 o<D{k&m%:^tstf V (T y — /UT s >-) 
Kb 2] 



A ATj— NHj^^Ar^-jlAr^ A^— 
Ar 0 Ar 0 , 




n ^l -x m 



^T^AL^ 10j£JLhCQCi -24 t Kp^/H^K t 

x tt, ##ffifcl*51^-aftS^ 0 £ 1 tf^cr) 1 o©3» 



•^HKS- 4* y (r y -^r s ojs 

[000 1] 

[*B©*i-*a«#iH MUX, «M6* 

(e 1 ec tro luminescent) irV<^ ^[C 
[0 0 0 2] 

tea**] &<vmm(Dm^m&icm~jiz£umm 

3B*y>T3^K ( "LED" ) Waf^y^ 



(3) 
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MiEmw z tvtz. t> (DT'&oM - {cmmu z fix ^ 5 mt 
[0003] nit m^mx^btixh^mm^ixm 

10 1ft ¥3BHIBCl 0 3-CfItS u ^®W<ojE7L 
ttSJI 1 o 5j&«HHS0>— J.o«^«SH 1 o 
7 *CjE?LNti£JI ^IoT, 2 Jlffl 10 9 Sr^-f" 
5o Hill m N ttHKSJI&lf 5. &5iof^>r 

(sublayer) frbf&V ^ ^(Dl^XD 

£ 0 km* jETUftasji, m^nasjixuw&K^ffsw:, 

-tjh/CTt* 10 — 5 0 0 rim (100-5000 A) <D 

[0 0 0 4] IMW\ Hi i 7ti*b0MjJ&WMk1ik 

mcwto&ti, wm^wmcm^x^xc^T^ts^t 

6 U rwaot, iE«ff©I« ( "jE*L" ) AS, jE?L 

[0005] $>st(Otwm^ jE?LRtWt-?«KSJl 
iWk>r^^^A^x ( "i to" ) *>G>fls 

5o ZfeV^ jETLSii^/ifi, N, N' — S^^nA— N 
— N' — t"^ (3— yU) —1, 1' -tT:7 

3,-^-4, 4' -^T ^ ( "TPD" ) (v 
apor deposition) lC X oX : ftZf$t~f~Z)u 

A - Kn y v (A 1 q») 

l&Ktt. (Mg) 

(A g ) <Z)f|y^r (thermal evaporat 
ion) tCjZoTJfiMW-S. #<^If^i»i 

(is ftOlMWaRlC.S.fcftS : USP4, 3 5 6, 4 2 
9 (Tang) 1 9 8 2 ^ 1 0 ft 2 6 0 3£f? ; U S P 



4, 5 3 9, 5 0 7 (VanSlykef) 1 9 8 5^ 
9M 3 03Bfr ; US P 4, 885, 211 (Tang 

1 9 8 9#1 2J1 5 Bmft ; US P 5, 04 7, 6 
87 (VanSlyke) 19 9 1^9^100161?; 
USPS, 059, 862 (VanSlykel) 19 
9 1^1 Oft 2 2 B^fT; St>'USP5, 061, 56 
1 (VanSlyke^) 1991f 10^2901 
^To & £>l£s T a n g^<?} "Electro! umi n 
escence of Doped Organic 
Thin Films", JOURNAL OF AP 
PLIED PHYSICS no. 65 (9), 19 
89^5^10, p. 3 6 1 0-3 6 1 6t)» 
[000 6] [2->h^V-5- (2' -^/U 

—^^-^yyu^-^-iy) —l, 4— 7x- i/ytr^i^y) 

( "MEH-PPV" ) I^J<7^^;HED© 

T3o iLEDtt'^T, ITOiI(7)f^^Lt/p 
Xtt-ttttCi&JDLT, ^97- y> ( "PAN I" ) © 

«mffiK«rfflt^^^^ uT<nxmz£vxm^ish 

: Y a n g^Ftf) "Enhanced Perfo 
rmance ofPolymer Light— Em 
itting Diodes UsingHigh — S 
urface Area Polyaniline N 
etwork Electrodes", J OUR N A 
L OF APPLIED PHYSICS, 1995 
¥1^150, p. 6 94-6 9 8 ;Caof(D "So 
lutin — Cast Films of Polya 
ni 1 irie : Op t i ca 1- Qua 1 i ty Tr 
a n s parent Electrodes", APP 
LIED PHYSICS LETTERS 60 (2 
2), 1 9 9 2^6^10, p. 2711-2713; 
JF&XPY a n g ^<7J> "Polyanilineas a 
Transparent Electrode lor 
Polymer Light— Emitting D 
iodes:Lower Operating Vol 
tage and Higher Efficient 
y", APPLIED PHYSICS LETTER 
S 64 (10), 199 4*F3J37P, p. 1245 
— 1 2 4 7 0 mfi^LEDtClPAN I frf£ 9 C £: 

x<Dm»tstix\,>zmj&\^ tiitttMa*& mmw±<n 

[0 0 0 7] tllKfVM * tCHlii LT#±t 6 



(4) 



ftffl¥> 10-9 2 5 8 



ztc 0 mx-t£, jEimmmbvxfoz>m<D3?mmT z> 

&m*Z>Zti>K Ad a c h imc£oX "Mo 1 e c 
ular Design of Hole Trans 
port Materials for Obtain 
ing High Durability in Or 
ganic Electrol um inescent 
Diodes", APPLIED PHYSICS L 
ETTERS no. 6 6 (2 0), 1 9 9 5^5^1 
50, p. 2 6 7 9~2 6 8 1^^tlTI/^ 0 IE7L 

^>fl J5feW9^#M:USP4 l 8 8 5, 2 1 
1 (Tangf) *7^14WUSP5, 0 5 9, 8 
62 (VanSlykel) *7^> 9 MEfl^&ttT^ 
6 0 Adachil^ &>&m<Vn&T * IsfrbiP^fzjE 

nm&m&ft'tzf'U * \.xm$m*t>{&<Di><a 

^LTV^ 0 Ad a c h i *&fi N ^^t^iE?Ltt^r^ 

[ooo8] EWftawtcr 5 ^tKiiaott 

ii, USPS, 374, 489 (Imaii 1994 
2M 2 0 0»ffjC*tf ^tbTt^ 0 Imaifft 
jE?L*diHii^4, 4' , 4" -by (N-7x;fT^ 

~/p) hy7x^r-;y (»lt "tptta" ) x 

f^4, 4' , 4"-hy (N-7^y^^nyV) |>y 
7xx;V/^ ( "TP OTA" ) &m^Z>^k&feM 
UCI^S. 3E?UftaSWCTPTTASrfflV^»& 
fflll) tt, ^WS3 8 5Wt/j:^ TPOTA&rflf 

TA^ffii\ *LTBWlcBW»LfcT*»*«ctt. 4, 
4' , 4' ; -h!i^ [N— e— ^^V^^c^i/V) — N — 
7x-;^;y] -h!/7x-/vr^ ( "MTDAT 

a" ) (DXofm&m&zm^zft^x&zh^z^ 

"X&>—s<—X h ( s t a r burst)" fff-X^t 
fef+ttfc*b5*rr 5 ^S:fflv^ 0 ^MS!5 5 OHMS* 
ftofc, M^J4te. iMiatTPOTA^^ 

fcjK^tttifla l-c*s y> , 530 i*m<a¥MUH ^ & o fc. 

[0009] USPS, 306, 572 (Ohashi 
iff) 1994^-4^26 SMTTtt, ^ffiWIF-SgftiT^ 



— 0£*tX-S i (OR) afdio-C^^nS^b^-^fo 

y ^^j^^fc^v^^^i o^FM-cfcs^^Jt 

5, 000-8, 000 B#raW^*«lfr &frf 
A^tbTV^c 1 5, 0 0 0#f H 1?rii6f 

[0010] ^ffiH^BKA^-A^BIffi^tbfc, 3fc® 

#fFtit}JI#-^ 08/508, 020 tCfcl N *tiM<0 
Ml:iift»PAN llOTt^t»Mf 

tlETL^il^^t-M (camphor) -^U-TfcV 
i££ K-y Lfc# y T~ y ><7J J: -3 tmW!^tt<rM 

tti(E^F-&*^»Ki: ttffl Lfco l o 0 0 ^(D* 

[0011] 
[0 0 12] 

^OTfeSu jE^UsitJlte, it (1) ^M<Hlo 

^t***r*tr3wy (ry— ^7;>) s bp^> 5t 
(i) ^<Hi^ft^t^y (ry^ 

T;V) TJ^j^^o ^ (I) : Rfi. 

Xtit KPWTy-M/^^^ ; Ar i 



(5) 



1 0-9 2 5 8 



a (i) 



(R) n 

^2 ^2 . 



fi, jKisa^fti o o o&x<nmx&>z> 0 

[0 0 13] 
Mt3] 



[0014] «#B3frr^v*f*s js— iswi 

u r i > r AojETUdiiBi ^p>(mt^5 urn*? »/i 
[ooi5] • &%mi^ co -c*s 

• is^Jitt, r/u- ^ a • h y 8 - 1 k 

[0 0 16] 

Mb 4] 

S (0) 



:Me 



m 



[0017] i#Bf>M^(t (r D —;\sT % 

X%>&\<\ KU^fMHT^^ N, N' -i> 
7zl~A — N — N' - (3 — ^^yL-^m^/L-) - 
1, 1' -V7=c~J\s-4 7 4' -^7;^ ("TP 
D" ) ~C£>& 0 




[0 0 18] *»5lf±, WWKJHS^/V^SriiaM- 
aHBWM* Jd*Ufc4>fc< £ fc 1 owst ( I ) 

is, (7y^7;y) 

[0019] ^fMHT S fcfc«*&;**T J: 

Sf«S=r^fi, W<H2owIH7^ 
$H^^-Ct >T J: < , IofH7 S ^©fcRIimae 

H7^«i^y (7y-;v7;y) iioji^T 2 ^^ 

r ^ l/COmtO-t^iSi/y h$*X«tV\ N, N' -S* 
7 a:— A— N-N' -fc°^ (3-^^:7^— /U) - 
1, 1' — t'^^^/U-4, 4' — i?T % V ("TP 
D" ) fit, #*U<**. WftBaBHT^^fcUT^jtC* 

[0 0 2 0] ^flligfi:, *f HkiS • 

>0 ^)l^i«c7^y>^ttMtTJ:P 0 
[0 0 2 1] «Rj»: (0) T«$ttS^JR#^-h^ 

: 

[0 0 2 2] jt0M*Jl^T, MeftM^ n(i0i:3(D 
^fi^tts ^(D')^ / M<Hl^7y , -yv 



(6) 
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. hi/X-8-t Kn=3p^/ y > ( "A 1 q 

[0023] m^-^ • mtmw^mzTif^j 

r K— > ^ £ ^ ^ y L T J: V \ 

[0 0 2 4] 

JW^«*t*J.oJ6*»-e&9, Ionian 
v fc^i **SteWfrSr«o tf>r & 5o 
[0025] rr^Ji^^BsurmpJi-ai, 
J: S^BWIHR*^^ * 2 0 0 te N £K 2 0 3 ±<D 

¥-mmmm2 0 1 ; ^<D^m\mm^, jE^\Msm» 
tt*bf&ziEiufmm 2 0 5 ; ^(DjEimmm^mmL' 
r^m^mm • ^^ii 209; RWHtas ■ 

mm 2 1 5«r«or<WIUTJ;v\ 

[0 0 2 6] «/ji&*fflto$*L3£, «ii«tt 
B:/^7x U jE7L*tri^g 2 0 5 £tt?M£ • 3&3feJi 
2 0 9P^#®2 1 3-0#jMS»Sft3. 

[0027] -to^rgb^&wfiK^^ttiasrttiss-r 

Sfc«>s *3BWlcJ:5m^*:^<>r^2 0 oil IE7L 

Maui 205^ Lxffi&cDjETMmmftttm^^x^ 
y -^r ^ yit^^ «j«(ffiL*ffiii Mai 

f^y^ ^t/i— =3— ^^yf^L — 

f>f n — 7 =1— 7^ ^ Kp-/<- (draw 

-bar) =1— T'-f 

tC. E?LMi^*^« 1 0 0t:*±lsI5^7^teliWl* 
Sr*-LT*5I3, *©M*, WWe*^'^*^*^ 

[0 0 2 8] U < H jE7UMaa*4HFtt, # U (T 

y-^r^) »a36»&«5c ^Ttc N *°y (7y-/v 
T 5^) »*«:J:9#IW^KWi-So i iMrtwrwu jE 

?LMi&f 2 0 5fj, pppuAi mxfr&w&tetf y 



i£/ifl MPPDAiTOi6i/^j»°y (ry- 

Jffl PPPDA-Me Otm$foZm<nmte%%mi# 

[0 0 2 9] ±X<7mMM\C&\,^X, m&2 0 3 fl ft 
L<il IWfc'f fS^A** ( "I TO" ) ^^"9, 

RW2 1 m #*u<n ^y*isv-j*xn*:<Dmffi 

tt*«fi«|2 1 5fl Mill 7/K^^A, A, X 

s i NxX(iiiM^« j; 5 ^|6»i*wJirfoor 

[0 0 3 0] «TMj£ ■ 3B#J1 2 0 9(1 » * L< tt, 

flias: (0) r**tLS***u— >^->/-r kas* 

•*»e>rtS 0 ^^r\ MeliM, ntt0^3^^ 
^^jy^bd Jr|SL/cUSP 5, 0 8 9, 8 6 2 

(4, m^PMas • isftJf 209^ ftfe^^^^-r^r/i- 

5 - . h y ^-8-t Kp=¥^y y > ( "A 1 q 

fe^*€r»i-5 - t (-4^^, »J«>a*S:«^MaS ■ 
3S*»J-«^rJ:v\ »Joa*|-f±, 
m^M^'^#l4^^fe^i-J;^il^rJ:i/\ 

>r^^»*«i*tt, ^^y K^i^jWiafts** 
^i-rm^M^ • ^^e 209^ K-t^^-r^ n t j: 

[0 0 3 1] 

[ft 5] 

A (0) 




[0032] iiKm, mjLxm>wi,tzmMMbte&z>& 
xma^x\,^mMM%mm-tz>h<vxhz> 0 m*&<ntz 

«\ H2 0«fiW*iS[fi«>. i3(^Lfci#f^f 
/V ^ 2 2 0 <^)fl|^®*tt % IrI— ft^XTF L, Wf^^5 b 

?LMiH/B 2 0 7 /j^tt b^L, loS^i 2 0 5 

201 t^vmft^jEfim&m 207 t^r^t-ffA^n 

20 5ttTi^^o aS^JI 2 0 5 tt, P 



(7) 
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PPDA, MP P D AXf±P P P D A-M e O^PjfiJ&o 

[0033] fefrFJEimmm 207a, tt>2 

lO£#LT, 1 1> 1 o^ffXf^/^ <fc 2 

^3&»p>j*5. mfc&&KDnm<D!) * bit, .nsutus 

P 5, 0 8 9, 8 6 2Jd»«fe$tL"C^^S 0 T 

<te> N, N' -v^^/U-N-N' -tr* (3-^ 
f^7x^) -1, 1' -^71^-4, 4 7 -v/ 
7; V ( "TPD" ) ^fj^5 0 

mmicx^m-^mc^^x, Hiia^wi^ 

* £■ v=i— f-f >?1rZ>EJM\£ I TOC7) J: 9 t£¥&PA<D 

[0 0 3 5] ;L^*jfe<Dg»-Cfi, ■SftS#S»sW:« 
T-Hi^ • 2 0 9 t^^t^tc^^y h ^lir-C. 

[0 0 3 6] Z<Djjfe<Dmp$8&-Cl*.s BtEM 2110 

[0 0 3 7] h LRfP*©^ V x*si2 3K:aW-3BiJg><& 
fclC ®^ : f-lE?L^]l^K^4 3 T-iE?LSl^2 0 5<D 

[0 0 3 8] ii|Oi#^7/W^2 0 0&tf2 2 0 

tcfc^T, E.HMmX#=FI*s T^C ( I ) ^ttSi-Sl 

a (I) 



ric-e&Sc »*U<f4, HflJfciSKSH^ T=* (I) 

iC&M3^&4t&lfo<04frM<DM<D. PPPDA, MPPD 
A, X(iPPPDA-MeOt*&5 fl 
[0 0 3 9] ^ (I) tC^i-^^^lf^J^-C, R 

TA-=»^>\ C^i«7y^t*^ C.-. 2 f 
t7y-/^^i/WA Xf4Ci~iaT/u=i*^ 
CiM2ft7^3^r^ Ci.i«7!l-^'> 

£b<te, Rte, &&&{Cjr3\,^Xm3L\C, Ci^7/V 

#/UfcVUT*ifo6 e *t>#*U<«:, Rte, 

^f^Xft^ hdf^-CfcS. fflslXfi, A 

■ -i.***^*/^*)*,, £9£?£L<te, Ar 
=3 iWVXte C i - a T A'Sr A- £ ftEt-fiafe £ tifc 7 

L<te, Ar.lt -7^JVX\ Ar 2 (i, ##fiE^*5 
vv-ofiUfcUu 4-/ h^^^/i'Xte:?^— 
a. £f£L<te, Ate, ^ffic&^T^^ 

<EjE<P£fe"efo3 0 i&£L.<te, n(3, 0 4 
»"CfoSo i5ff*Uft rite, 0 75^1*X-^-e 

^t>^f^U<te, nte, 0O»t'*)5 o 
mte, i^^^sootwttfc^ <fc!9»*U< 

te, mte, 
[0 0 4 0] 
[ft 61 



-Ar - 




Ar 0 




[0 0 4 1] PPPDAm x=l, n = 0, An 



= 1, 4-7x^l/y, Ar 2 = 7x^/K ^t^m^ 5 



(8) 



#PJ¥ 1 0-9 2 5 8 



-50 0-Cfe3a 

[0 0 4 2] MPPDAm x=l, n = 0, An 
= 1, 3-y^^i^>, Ar 2 = 7i^K RX$m= 5 
~5 0 0-C&& 0 

[0 0 4 3] PPPDA-MeOm x = l, n = 
0 X A r i = 1 , 4 — ^31— U'V, Ar z =4-^1^ 
^^1— /K Mm=5-5 0 0T'ib5o 

[0 0 4 4] 3W8E0>«JM&*7*'<>r ^tefc^fjEJUKI 

•fe ^ ^^-To »300 7 0 0 n mttjK 

fi, 3 0 0^400n m©**<0#«r»JlX 

1^4 0 0 ~#*J 6 5 0 n m<0<fflfttf)8*a>3te£:j6fe 

tu^^^y (7y^r?y) i*. #*u<f±, + o. 

l^hJ£JLh<7X J;'j#*L<f±+0. 4^/U'h£l± 

<DX*&Z> a 

[0 0 4 5] *&mz£ZWi^fcr'<<< Xlz&^XJE 

5$ (I I) 




^2 ^2 

[0 0 4 9] C^T% A, An, Arn R&tfn 

1, 4-7x=l/y^T;yt'fc§ u f^n^VfMLfl: 
flttt, «*.ff, ^ (ID Xli (in) rottS*t» 
&-H>£j*-c# 5Sa5KiS*frT-e i oj^±co *jt y - 

fat ur j: i \ coiftictBfts^r y— a^t ^>-£ 

* ( I V) RXS (V) 
[0 0 5 0] 

[ft: 8] 



£ L < fi, ^ 1 , 0 0 0 hVl< h >£k±<D ; £ U < f*, 
jftl, 0 0 0, 000 K/H>^m Jz9SP£L< 
(t ^5 0 0, 0 0 0 KA h l^UTCO, -t LttW* 
L < te> JKJ 5 0 , 000 h>h y^T^¥Wt«I 

I o o 4 6 ] u< *° y (r y -/kt s 

(Mw/Mj Sr^-fo 

[0047] =tfy (ry^T^y) <z>tfiRKWJBft* 

-c*#r ? / »3oor y — /u»3MaB£-;S*u e.o 

&5a #*b<«s * u y (ry^T^) #3 5- 
^ i o o o ©*L«#36*brit5. u< f±, ^mm<vtf 
y (ry^r^) ©iB»ictffl/i#i#i4, ^ a 

I) RXfi (III) lcil!|$ti5t)^-C'#;5o 
[0 0 4 8] 
[ft 7] 

^ (III) 



A— Ar V 



-Ar-A 



5* (I V) 



5£ (V) 



Ar 0 




[0 0 5 1] w^"C, A, Ar u A r 2 , RRlfn 
Vf* % N, N' -v?7y- /U— 1, 4-7ic^l/>v ; T 

^vxfiN, n' -^ry— a— 1, 4-7x-uyv ! 
7;^J:9^W;otJ:^ 0 
[0 0 5 2] i^T y — ?Vi/T % Vfi, loJ^_bC0*4^ 

-fi*i:<OS9»*QaStt> SYNTHESIS, p. 38 3 
(1 9 8 7) tCfS^£7)G authier^Freche 



(9) 



10-9258 



t <D¥M\C% o i)\ XteG uram, Rennels^. 
O'Buchwa 1 d COANGEWANDTE CHEM 
IE INTERNATIONAL EDITION 
IN ENGLISH, Vol. 34, p. 1348 

(1995) umommic'&^xmm-tZo ^ry-^ 
x/Txi/k'^* ftmmt&fo t zmn^ t mm* y ? a 

f&ztmtimmmk v,xm^b)xz>m&, 

[00 5 3] AP^f^lj:, ^ (VI) : 
A-An-B (VI) 

fcii9-T?&5 0 £?£L<te, Ate. »#ffi^*5l^TSUfc 
L < ft, ^7 y -/UT ? Vf3\ ^11:10 WT^^/Ht 

£L<f3m : 3JWTco--e/vJtT% /^pMi^^ii 
[0 0 5 4] *JW:«:fRR-*-SfciC)<o»S«^ ^ofi 
t«t^ u #*U<tt, SJSfi&tt* I^JlOOTO 

oo 0 CJ^T\ J:t)^L<^2 5 0TOT, 

tt, »*U<f*ft5«fflBJSJl±, ct t>#*L<ttj|l&l 0B# 

w«tt, l < 5 o Btp^T, x v u < tt^ 

4 OfflOT, *t>#* U< 3 OB*WIJErF"C*>S., 
[0 0 5 5] ^O^cr*^(C«Mi"5j«K«>*±, Ja^b 

o-t/i^ 5 K l y y h/u^T^^^rfflv \ J: 5 & $ L 

o. i y y h^r*fflv>So fcrnvmEnDTm*, m 

[0 0 5 6] «8fBia5iJ»*T^ X©jE?U«^ 



x*<D&&m&&ftitisx*i* z—fe&<D{k&m<D$F£Tx\ 

RtTiV\ ny^ryu (ifnffi) ftfeJ&tfu y^VKdrb 

[0 0 5 7] ^W^iSWff^^V^^jETUfta 
*^f-^UT»*U<fflV^ttS3KU (7y^7; 
>-) 13, fiP*L<«U JOURNAL OF POLY 
MERSC I ENCE, Part A, Polymer 

Chemistry Edition, Vol. 2 
8, p. 36 7 (1 9 9 0) (CEi^T^SCol o 

nm&mm, Rn^^mm^^A co 1 oni«jo 

URNAL OF ORGANIC CHEM I S TR 
Y, Vol. 51, p. 2627 (1986) <nmWJZ 

vto^y^j^mm^rx\ mmfc&mntsitxmm 

[0 0 5 8] #* U< 14. ffittSME, 0* 

L<fi^f/^/^7;F\ N, N-S^^vUT-feb 
7; h\ N->^ p^v'/L'^p y v^; yxiiN-^ f 
;ut u p y v/y y^fiT^a u ftjs o^ft%£-c<7)#r 

^*»©7Ko^J«©«yffi«r3«0 «t 9 ■?-< 

[0 0 5 9] »*U<fl, =HBi=.y4r/Kl«»fc 

*»ft:cD4tr-<-^ ^ tt, L < f*#S 0 . 0 1 --e/> 
%JM±, J:Dff*b<H*i0. l-ir^%J£U:, 
U<tt«l. 0-e/v%^±cD4^^&^^ 

^F*L<fi^3 o-e/u%J^T> J:D#*U<**B1 

[0 0 6 0] -«=.y^r 
-ry^z/VJ** #Ji<i<'VJ»RXfil) t ?-i}J*X&Z> 0 ft 



(10) 



«MHW 1 0-9 2 5 8 



WXhZ> 0 ^K(l 3S5c»Jtt. ffiffl^a^ftSr-^ 
— ^ £ LT, fa 1 5 0 J; 9 #4 L < ttffl 2 

0 0 ^/l^fiJUb, t<l^2 5 0 =£/\s%Sk±.<D 

— ^ £ LT, fa 5 0 0 ^yu%j[^T> J: B * L < tefa 4 
0 b< f*fa3 0 0*:Sl>%£XT(D 

[0061] m^frj&tt, y K t LT|^T*# 

5N*^#ffiTTtT^tL5o y #V TO, h y t K 

n ^/i/hTA'*^ ^ -< J: 9 £T£ y if > K 

el h y r y —/km h y tvu^*:* 7 ^ >--e& 0 . 
h y ^oi^y^^^>f vd*ftfcff£U'\, y#>-K£ L 

tl< tefa 1 0 ^%^JL, <fc t> £f * L < tefa 2 0 
%^±Ot/j^t^ u y K£ LTftWe* 
•tt, M^f^^^tX, #*L<tt, falO 
0-^%&T\ J: 0#£ L< fifa 5 Ofi>%£XT, &h 
L < (ifa 4 0 ^v%OToi^«Et5o 

[oo6 2] m^®s«, *©ra£*s*^/j:a*-c?3«f 

£?£L<l3:fa7 OlCJELhojaftTff 5» fa2 5 0 C€rT[U 
Sir, a»-e**^WSTi-5. *f*L< 

I*, »Sf*, fa 2 0 0 °CWTs ct 0 * L < ttift 1 5 0 
°c^t. ^tttyjtKrai 2 S'C&'FTtf??. 
HKWJ-fa2 0 ot^MSWt «Ko*fk«rffl* 

fa 1 R#P^Jb. «fc 0 L < fifa 1 0 «W£JU;-e&^o 
HJSWMtt. b < ttfa 1 0 0 H#P^T\ <fc 5 L 
< fifa 7 2 mmSlT. t^l<l^4 8 Bf^^TT' 

/^n^ b v \ m~t b < f*, imm^^/i^ 0 fa 1 0 y s/ 

h /HSJLT«5«*t«:ffl v \ «fc U £ b < tefa 5 y h /USA 

[0 0 6 3] *§&m\z£Zm^ftT'<^ *<Dj£f\Mi£ 

>) ft, loydal, BULLETIN OF TH 
E CHEMICAL SOCIETY OF JAP 
AN, Vol. 63, p. 80 (19 9 0) {cm^Ztl 



ti> 0 sj6j±. fti o^%<D3^t;f h^xf^r^ 
fa 1 — 2 4 mm, fa 2 0 ~ 1 0 o'oatas 
[oo6 4] «0^iast#Mf/^^ 

-/U7;y) ft. Yamamoto, PROGRESS 
IN POLYMER SCIENCE, Vol. 1 
7, p. 1153 (199 2) tCjzoT^^tbfc^n 

(i, 5-^^n^-^^^» m^m^^^y^/^ 
vct) i -3 ^iSttWtt+'t?© y^K^tr©i, 5 - 
SJStt, »*U<tt, ft20BBJBJl±, ^)7ora 

[0 0 6 5] ^l&KtC^SWWft-^W^^EJLlia 

M5j^fcUT#*u<«v^tL5^y (ry-7KT^ 

V) <DglJW»ifefi, Miyaura^, SYNTHET 
I CCOMMUN I C AT I ON, Vol. 11, p. 
5 13 (19 8 1) , SWa 1 1 ow^, AMER I 
CAN CHEMICAL SOCIETY, POLY 
MER PRE-PRINT, Vol. 34 (l) , 
p. 1 0 0 9 (1 9 9 3) T^^fc^Pt^fe 

zvis* (i i t h i o) -x^^y^/v^^c^m 

March, ADVANCED ORGAN I 
C CHEMISTRY, 2d Ed. , pp. 408 
-4 14 (McG r a w-H ill, 1 9 7 7) #RG 0 

y y =^r/nwft:tt. h y r/^/^ 

fc^UT#JEi?1-5*^»*:&*1-S :M. Re ha 1 
inl, MAKROMOLECULA I RE CHEM 
IE, Vol. 191, pp. 1991-2003 (1 

990) {cmmo &btiz*$mm#&> maw 1 ? 

(0) RX*frW^<Dlf&TX\ *38fl^!) (7!)- 

[0 0 6 6] h7^r^ ( h y 7x^M^7^y) - 
/>7^^ (0) RT»tt/<9^^A*, 0iJAfL ^ 

/Hi© b !i 7x^*77 ^ y«:WPLt, ^vmw 

<«, 'HK(^ »aEl-S#«*:<0*S:36^ LT, faO. 
0 1 *^%JeJLh, J: $1 * L < «fa 0 . 1 JL^_b, 
f tttW^L<{^l. 0 ^%JW_b^g^#^i- 
3 U ^h^^X (hy7x= ;>*^7^y) -^7^') 
(0) ^Sf$:(DS^-<-x t LT. ^L<^fa 
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2 0 ^/u%£XT, £ 9 «F* b < fct^ 1 0 ^-/i^/o^T, -t 
[0 0 6 7] ±f5^jKl£«3:> ^J^4&£KJSLft^ 

x.^k=-9S~ /U39SJ:5ffS LV^t>©^&5. 
[0 06 8]Miyaur a «£-CH^$tLfc J: 5*^0 

*>#*U<W«8 0r^«>ia«"CtT5. ^5 0°C£T 

b< RlCtt, ft l 5 o°CWT\ J; t) L< fi&j l 

3 OtOT, ftfc#£ L< tt^J l 0 0*C&TF<DmatTtfT 

b < 1 0 BSIWEJLbT?*) 0 , J: S> L < ttiB 2O0# 
s vgwa'S ^iooDj/ h;M^T\ £ o u 

< lift 7 5 y y bn^&Tfs y I> 

[0070] ±ef^itewflirn**e>fctoJt*ns3Ky 

[0 0 7 1] (7!/-/V7^» te, fc°>*— /UR 



[0 0 7 2] [m^^iETL^S^of^M^^J] 

[0 0 7 3] jyfeflWj 1 : P P PDA-M e O^ftK 
(a) J£S#::N f N' — i^^^/V-N, N' - S*— 
(4->1>^>7x^) -1, 4-Z7^^V>-v>T^ 
P P PDA-M e OtDfHHfflMttlliftfc «>fSH : 
N, N' -^7x^~ 1 , 4-7x^t/yy7;y 

(46. 3g, 0. 18mol) , 4 — 3— K7x=^ 
- ^ f;H- ^ylx (100. Og, 0. 43mol) , 
i7'P^«(2 8g, 0. 44mol),»y 
VJ* (166g, 1. 2mol) , 18-^^C7>-6 
-rc— x/u (7. 9g, 0. 03mol)Ml, 2- 
.^no-^-tf^ (4 00ml) Sr. WttKlflWSt: 

RiSa***:^^ KSraur«jau E-0?gffiT-C«f 
7g (6 6%) 

[0 0 7 4] (b) N, N' (4-7d 

--ei/^^^-yU) -N, N' -v?- (4-p« h^->^3i — 
/U) -1, 4-7x-Uy^7;^ PPPDA-Me 

^ K (19. 0 g , 0 . llmol) ^/U-^/l^^ 
T%V (DMF) (15 0ml) b<D&W&: s DMF 

(15 0ml) ^N, N' -i/^m^/U-N, N' - 
i/— (4 — Sb*cis7^~M —I, 4—7 x^l/Vy 
7;y (25. Og, 0. 053 mol) CO^WWi^ 

*n*.3o ^<nm&m&m% i y y k/hd h/^xdDi 

T6 0°C*T*t6 o ^^PS»^6 0°C^tK (4 
X 1 0 0 Orn 1 ) -C«fctM-3„ MtKM 

tBfe^^ftfls (2 1. 6g, 6 5%) Sr^'f^o 

[0 0 7 5] (c) PPPDA-MeO^M«fcft 
CON, N r — V s — (4— 7'P : ev J 7x^;L') — N, N' 
-is- (4-/ h^^x-yv) -1, 4-^7^,^u> 
^ VCOS^ : N, N' -is- (4- 

^D-=e^ai=./U) -N, N' — ^— (4-^ h^r^ 
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rc^/U) -1, A-y ^^\^^iyT ^ > (6. 3g, 1 
Ommol), fy7x^/^7^y (1. 35g, 
5mmo 1 ) , (2. 0 g, 3 0 mm o 1 ) R 

tJWfk=jy^-2, 2' -fcf't u y (NiCl 
2 -Bipy) (0. lg, 0. 4 5mmol) £r3tJ* 
f5 0 SJSStr—O. 2mmHglT#MU ftl^C* 
Kf-TV*— S^TS. :W^/V$:7lElliit a 2 0ml 
<DM7ki/*?-^T± bT ^ K (DMA c ) >-y>>> 
&JS^-C, RflT*ld!n*.So »S»A**r2 5 0 r pm 

l«fe^*5 0 1«SW«, Hkfe^-Jr— ^sasWu J^SWE 
j&«B»£fc5„ ^Sr*B*M-5fc«>, 2 5ml 

(DDMAc MOmU) Ivl^ V£^J&i£U:J)P;i& 0 ix 

OOml^nh^MT, W^+^icilf^ 
3 0 -e^ttJS^ftifcLT-feh^ (3X1 5 0ml) "C 
i5fef*-i"5o itM^ 3 0 0ml <7)^ cj n-O-if >t:^^ 

^np-<yfy»3 0 0ml^ftW3N-HC 1 
^r^K (2X 3 0 0ml) T?^t5 0 ^V>T% 1 0 0 rn 
1 60tK£ 5 0ml (D^^U^i/T ^ ^frAtlfc? 7 

( 2 X 3 0 0 m 1 ) -Cifc^-TSo * P p^<>^^«** 
&-5 0ml©$«n*SU 3 0 0m 1(7) 

LT^j«$tt-5 0 jtfi»MJ^«fl*U T±b> (2 
X 2 0 0rnl) T*»U ft«UT\ 4. 4 g 

(9 4%) <Djt£»*«rffsS. 

[0 0 7 6] (d) PPPDA-MeO^It5^ 
CON, N' -S*- (4-7p€-v ? 7x-/U) -N, N' 
— >?— (4-> Y^i/y^^J^) — 1, 4-^rc^U> 
5VWl*(7)fttft : N, N' (4-^P-^ 
f^^^n/l.) -N, N' (4-> 
ylx) — l, 4-7x^l/yi/7;y (6. 3g, 10m 
mol), hy7xs;Vt^7^y (1. 3 5g, 5m 
m o 1 ) . ffifiMft* ( 2 . 0 g , 3 0 mm ol) , Ni 
Ch-Bipy (0. 086g, 0. 3 mm o 1 ) N 
^N-^f^^DlJ^/y (2 0ml) SrffioT, ± 
IBjB*««KS"t- 0 S^fi, «6*IWIt^il*Ti-5«, Si 
frF<ntr—*& h/i^v (2 0 0ml) lcjft&»U £i* 

< 0 ^bfc h/U^^mm^5 0m 1 «§8f*T-»^ 
U &.\<^X\ $)8 0 0 m 1 (DT± h ^X*ffiM<0 

0°C<DJ^;*-— 7>t- SfeKJftU h/^V^-CtD-^^ 
H#0>fttt* s O. 08dl/gT^5f^il / ^3. 
4 7 g 



[0 0 7 7] (e) PPPDA-MeOlr{tl«^ 
CON, N' (4-^n ; e^7x-/u) -N, N' 

(4-> h^r->7^=. A-) -1, 4-7x^Uy 
•^7 5>«)I^fWfe:N, N' -5^- (4-70^ 
•^7x^) -N, N' (4-^ h*i/y^~ 

M —1, 4-7x^Uy i/T ^ > (3. 15g, 5 m 
mo 1 ) N h y 7x^/V^^7^f > (0. 6 6 g, 2 5 
mm o 1 ) N MlBffife ( 1 • 0 0 g , 1 5 mm o 1 ) , 
NiCh-Bipy (0. 05g, 0. 17mmo 
1) , 2&t>*N — 9 o P^->;l/t"p y >V V (11m 
1) MtoT, ±ESSafi«S:IWS"t-. m#f^ 9 01C-C 

2 5i*miwfcu ^km—<nmw^9t*^m 

(2. 0g, Dtfetlo. 09di/g) &ftM~tZ>o 

[0 0 7 8] mfcffl 2 : MP PDA^tl 
(a) N, N' -^7x N, N' -v?- 

(y-^nu^in^/U) —1, 4 — 7x= l/>^7; 
y N MP PDAroff»fflM^*i#, : 11^00 1 

<Dmmc^\ N, N' -v?7x^/V-l, 4-7x^ 
l/y^r;^ (13. 0g, 0. 05mol) , 3-3 
— K^oB^y (3 1. 0g, 0. 1 3mo 1) , 
my'v^X'ffim (7. 5g, 0. 1 3 in o 1 ) , 18- 
^7^^-6-31— r/P (2. 40g, 0. 09mo 
1) , »*9»#y*A (50. 14g, 0. 36mo 
1 ) „ IkXF 1, 2 — — '< V*^ V (12 0ml) 

^ 19 o°C-C2 0 W^PfRi-5o ftSRKaaftfi**:^ 

yKSrauritau i-/^>- (50mi) x^#-r 

Si"* is V jdf^tiyJ* (5X2 5 cm, * 
Iffit UT^^f-V^cOSroCH.C 1 2) »#<7>*o 

vh^7 7T'Mtt, jEefeK-rstaia-rsiKJS^tttt 

4g (3 1%) ^rtt^. yu— T-fe 

h^&wlfttftfctcj:^, 4. 6g (19%) 
*4**i«aft7W^ (I^12 4°C-12 7°C) t 

[0 0 7 9] (b) ^»:N, N' 
/U-N, N 7 —is- (Z-Wvy^^M ~1, 4- 
7xnl^y^T ^ VOfBR : ftflk^9^!>A (18 0m 
g, 0. 8rnmo 1) i h y-o- h U*^7^y (5 

3 6mg , 1 . 7mrno 1 ) t V^=^> (4 0ml) <D 

reflH^-t-Su N, N' -i/y^~/\s-\, A-y^^\y 

isi/T^l/ (5. 2g, 20mmol), 3— ^n^e^ 
pa-0-lf> (9. 6g, 50mmol) , tFii^ 
• t— -?Y*?isY (5. 4g, 5 6mmo 1) %.X$tS h 
[C \>/U^> (12 0ml) &fcfcm&V>tp<D±WM&fo 

><yW^4i(cg^ N tf#R^^P^LTl 4MpmHliic 
RJSa^*S:M*"CI , & J t»U Kit (6ml) t* 

/< ( r o t a v a p o r ) ±<Dmk&f6&ttll*. *» 
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fe<Dtttfe*->r/^s^-rs« isy*?*^*?** (5x25 
cm, mm^t\^x^^->^(Di o%y/\s=o) x<d 

a»&<oW»»flsfc.fc?K 7. 3 g (7 6%) <o£s$mfr 
m& 1 2 5°C~ 1 2 7°C) £ LT4rf 

[0 0 8 0] (c) MPPDAWfBl^^N, N' 
-i/^ai— /I — N, N' — (3— ^pp 7^=- ?V) 
-1, 4-7x-uy^r;y(7)M:N, N' — 5*:7 
^ -/U-N, N' -i/- (3-^ OP7x^U) -1, 
4-^m^I/>v ; T^>' (1. 2g, 2. 5mmo 
1), Mj7x^M^7>f> (3 2 7. 5g, 1. 2 
5mmol) > i«(4 9 0mg, 7. 5 mm o 
■1) AtmiCh-Bipy (21. 5mg, 0. 0 
75mmol) £ N *a»Ufc»fi»«i:>Jx5o SJt*S§& 
-3mm/HgJ«U &^"C\ **4r**i-5 B 
w<D-y-^^/^5IU^t)ili- 0 3. 5ml©N-^f^ 

^^^—=¥^11.^^0 ct^V-^V (4 0ml) T*« 
Wi"5o ■frWSfS^iflUTj^l 0ml £T***61-& 0 

rthy (loomi) ^^^^{^p^r^^-^e 

MQ*—7>X—m£M'ftl>&, 0. 78g (7 6%) 

[0 0 8 1] (d) MPPDA^lOfc^N, N' 
— ^7x= /W-N, N' — (3-^pp7x-;V) 

— 1, 4-7x=l/y> ? r^(Dl^ : £Ttf>Ilfls^| 
COSSrl OflSFKHt-^UTSaSfll (c) ^r*f9ig-f u N- 
i/?u^*ri/J\s-\?xi y >- (13ml) £N~y<^ 

/n^py^/y (2 3ml) Srl«HEi:LT«5 0 

tt, 7 0 «CT 8 nfflOftt* 9 0W10 Uf^fT 5 □ i^^* 
(DJlXgte 8 . 7g (8 5%) -CfoSc 
[0 0 8 2] (e) MPPDA^WcfeWN, N' 

— v^zn^/I^— N, N' — i?— (3™ >7 uuy -jl^jV) 

— 1 , 4~7x^l/y> ; 7 ? : $^/j*N — 
n^^-v^— fcTia y y/y^rN-^f/^P y C^V ^ 

(it4rnl) <D1 : 1 ©»fi*T?*>5£Wt#4SBI6« 
(c) £rift«3i£-t\, fi^f*. 7 0 o Ct'10raitT^it 
So (9 10mg, 8 8%) fi, CH 2 C1 

ac^jv^TO. l 3d l/gw@#ftttfr*rf„ 

[0 0 8 3] SUfeffil 3 : P P PDA^ffiR 

(a) P P PDAMl^M : N, N' -^zn^/U 

— N, N' — is— (4-#Vzz7=.~Jls) -1, 4-7 
x^l^y^T ? ytDM : ii/^v'^^ (2 7 0m 
g, 1. 2mmol) <thy-o-hy;^^7>fy 

(8 0 4mg, 2. 6mmol) F/Pxy (20m 

i) <Dm&m&, m—<Dn&<Dmm*x%z>^xmwLX 



— 1, 4-7x-yy^7;y (7. 8 g, 3 0 mm o 
1) , 4-7"v^# n P-<:xif > (18. 9 gl 99m 
mol) , f£7'h^Ktl^^ (8. lg, 84 
mmo 1 ) &T>*£P>1- h/i^V (2 5 0ml) £M?L 

*4ncg# s ff#raBPiiti 2«ltl> 0 
^*^fc*»*"ttfK>U J^ffie (9ml) Xttkm 

3rf&« (5X2 5 cm, 

^77^(a^ mn&<nmKm&nz>o -<i^m>/ 

^^(OlgfBftlCtD, jK)"l 1. 9g (8 2 

%) o^^e^ ix—^ t iT4f^ u 

[0 0 8 4] (b) N, N' — ^^ai^-ZL — N, N' - 
i>— (4-? uu7^=^/V) —1, 4—7 x-^lslsisT 

{|7773(;, N, N' -S^rt^/l — 1, 4 - 7 ^ ^ 
;y (13. Og, 0. OSrnol), 4-3 
-K^ota^y (3 1. 0g, 0. 13 mol), 
i7"P ^XffiM (12. 7g, 0. 20mol) , 18 

— ?7&>— 6— oi— tv^- (2. 6g, 0. lOmo 

1 ) » «5fc«Ifc& y^-A (50. lg, 0. 36mo 
1) , RXfl, 2-^B0-^> (12 0ml) 

2 o otT'2 oB#ra*Bi»i-So irtfcste»'&4fe«riiia* 

a^<y KSraUTMHIU h/^> (50ml) Xffi 

W^^Ku g e 1 r o h rSIWor$bt» 

(5X2 5 cm, ^M^T LT^t^^^SXCH, 
C 1 2) W77y>a^Pvh^77^HC < t?) > 

9. 6 z<nBi&&mmo&ftz>o m&m&isbizhA' 

6. 1 g (2 5%) S:3rf6 a 

[0 0 8 5] (c) P PPDA(7)ftM^fci6^N, N 7 

— /W— N, N' —is— (4-^dp7xx;V) 
-1, 4 - 7x-l/y^7 ; y^ : ittfl<I^^-7 

li^A/K^P, &U«=rABIHI«:«^.fc, ft 

J»UfcRJt»^ N, N 7 -v^^-A—N, N 7 

— (4-^ pn7x^/H -1, 4-^^^V>i/r ^ 
y (12g, 25. Ommol), hy^oi^/^^^ 
-f ^ (3 . 3g, 12. 6 mm ol), (4 . 
9 g , 7 5 mm o 1 ) iCh-Bipy (0. 

2 2g, 0. 7 5 mmo 1) £rA*b& 0 RftW*"^ 3 m 

-f^/^^5lHl^t9iE-r o y!Jy^fot45ml(DN 
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— is? a^5ri//L-t°n \) isS 1st 2 7 m 1 WN-^f/L' 
^i- 5o WJ&W&m*: 3 0 0 r pmOl 

^p^i^nD-O-lfV (3 00ml) -CSflPU ffilVT/l' 

?s<s<±X—l 0 0m 1 *t?*«U ^ay&ifctt. 

T/l- ; 7 M tTT H F T«t 2), S» 
Wta^lOOml^T^U T-tr (5 0 0m 
1) ^ril^«$-ti:S 0 ^(D^^^i^tc 

«feK»bT, 9. 53g (9 3%) ©«*ffi»* 

[0 0 8 6] MIMMlKr^ * 
(«3KftfB) 

?C 0 #Cl^T% X^ag^ct 6 0 0Awf$©TPD 

lEMffiil^ 5A/sec©SS^ ^RMLLKIt 5 
/tfi^y hbfc 0 TPDfj:, ^y^f>7^7>yht* 
»$Har/^;tiao}£MifcRADAK I I 
mMQWM^X QMrnZ-tttco ^tih 6 o o A<DW-£ 

Sfflt?, TPDjftfXhffiilC^/KS^;/ Hfc, Alq 3 
t> K AD AK 1 II®Ii»J:MlW: u A 
^tC, 1 0 0 0k<DMzt>bJ&Z>W&%:^ 1 q 3 JlcO± 

ffi±fC7 f stfs*3' b U i^tiooo A A g d{£flli 

[0 0 8 7] N 2 y s/^60K^-r^S/^^^T% 
feWflMtlMHtT*'^*^ 0mA/cmV;Si^l 
ilE*r*»*tTfHKiSH«:KP, ^#J^ffi^«£f3 12 0 0 

[0 0 8 8] SiJ^V^/^jlft^W*^^^ 5fe 
8 0t-C2 4W^h7--yy^U ^UtM, 

[0 0 8 9] HJfe^iJ 2 
TPD^If^i^, ITO/^7^Ii±^IE 



fc. jEimmMfrf-mfc. 5 5 0A^PPPDA-Me 

[0 0 9 0] Nsys/f^K^^^^^^ #fc*X 
fc^WffilF^&ftT^W * tC 4 0 mA/ c m 2 (^iE^m 

c d/m 8 -C*>t>, B&*B^!*»Bg^«IEtt8Vt?*>o 

(L/Lu=0. 2 5) , M24 0 cd/m 2 tT' 
iTlfc 0 ££>M, 1 1 OI#IH|0>* M^HttBflL 

[0 0 9 1] 3l» 3 

TPDi(Z)I*^«lWH »j2i'l^)lL 

fcofco Al KiM^^isy MC&5£^ IT 

0/PPPDA-MeOiri:9 0°C^1 05^T-~ 

y tt«i^S{ 5 m ^ 

[0 0 9 2] N^yr^K^^y^^^ #^*x 
fc^flWJHS*^'^*^ 0mA/cm 2 »iI^i 
^£j^T{1*&i£*:i3K -tco^m^JWKi^ loo 

c d/m 8 "M!>0, HHi^ttSm^SS^l 0. 5VT 

[0 0 9 3] H»H 

iS^IdU 0 0 0 AWPPPUAT'fo^Wll 
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(54) ORGANIC ELECTROLUMINESCENT DEVICE AND MANUFACTURE THEREOF 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent device with high reliability and 
effective life and light output which are not deteriorated 
even in the case the device is exposed to high 
temperature by forming a hole transmitting layer 
containing polyarylamine containing a compound having a 
prescribed formula between a substrate and an electron 
transporting and light emitting layer. 
SOLUTION: A hole transmitting layer 205 of 
polyarylamine containing a compound having a 
prescribed formula is formed between a substrate 203 
and an electron transporting and light emitting layer 209. 
In the formula, each R stands independently for C1-24. 
hydrocarbyl, hydrocarboxyl, hydrothiocarboxy, 
hydroarylcarboxy, or hydrothioarylcarboxy; Ar1 and Ar2 
stand independently for one or more C1-24 hydrocarbyl, 
hydrocarboxyl, hydrothiocarboxy, and optionally 
substituted C6-18 aryl portion; and each A stands 
independently for hydrogen or halogen atom; X for 
positive number between 0-1; n for 0-4 integer; m for about 5-100 
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